ABA (22, 24) . On the other hand, widely differing results have been reported concerning the effects of ABA on hydraulic conductivity, including increases (10, 13) , decreases (9, 14) , and transient increase followed by a decline (6, 17) . All of these studies estimated hydraulic conductivity from measurements of sap flow rates and osmotic pressures under conditions of root exudation or an applied hydrostatic pressure gradient. In the present study, hydraulic conductance was estimated in intact, transpiring plants by dividing the total transpiration rate by the difference between leaf ' and soil I. This gives values for the whole-plant hydraulic conductance from the soil to the leaf which can be compared with respect to variety or ABA treatment under the transpiring conditions pertinent to leaf water balance.
Leaf expansion is known to be highly sensitive to water stress (3) . Studies of the relationship between leaf growth and water stress are often complicated by alternating periods of increasing stress severity followed by rewatering in typical drought-recovery cycles (e.g. 20) . Inflc, low leaf I occurs daily despite a constant high soil I. Differences in leaf I betweenflc and RR therefore develop daily throughout growth under otherwise identical conditions. Leaf growth offlc and RR plants was analyzed in relation to leaf water balance and ABA treatment.
MATERIALS AND METHODS
The plant material and growth conditions have been described previously (4) . Briefly, seeds offlc and its isogenic parent, Lycopersicon esculentum Mill. cv Rheinlands Ruhm, were germinated in vermiculite and transplanted to 4-L pots of sieved soil and coarse sand (2:1). The plants were watered daily with a complete nutrient solution and twice daily with tap water. Conditions in the greenhouse were: 25°C day, 15°C night, 50 sponding changes in E (TableI), indicating that the variation in E was due to stomatal movements and not to morphological characteristics of leaf development under a particular spray regime. In accord with the higher E,flc plants also had lower leaf than did RR (Fig. 1) . Predawn leaf offlc was -4.1 bars, as compared to -1.7 in RR and -1 bars in both varieties treated with ABA. Leaf declined at the same rate in all treatments until mid-afternoon, when E was greatest. Estimated Pat this time was 3.6 bars in RR, but only 1.7 bars inflc (TableI). ABA application increased and P in both RR andflc, and the overall effect of ABA for the combined data of both varieties was highlysignificant (TableI). As E declined in the late afternoon, leaf increased in RR and in both varieties treated with ABA. Inflc, however, leaf continued to decline, even though E had fallen by one-third (Fig. 1) . This decrease in leaf in the late afternoon could also be induced in ABA-treatedflc plants by ceasing ABA application (data not shown). Leaves offlc plants were often slightly flaccid at dusk, even thoughlight intensity and E were considerably less than at midday, when some turgor had been maintained (Table   I ).
These results suggest that C of theflc plants decreased late in the day. The calculated C declined by 43% in the flc plants between 14:00 and 17:00 (Fig. 1) . The value of 43 ttmol s-' bar-l g-1 root dry weight at 17:00 is similar to C calculated from the overnight E and predawn leaf (45 ,umol s-' bar-l g-1 root dry weight. C apparently exhibits a diurnal cycle in flc which can result in loss of leaf turgor. Diurnal variations in C or exudation rate of detopped root systems have been observed in a number of species, including tomato (16, 27) .
Around midday, C was lower inflc than in RR, and treatment with ABA increased C in both varieties (Fig. 1 ). This effect of ABA on Cwas reversible within week in both RR andflc (Table   I) , and was not due to changes in root size. The presence or absence of ABA at the time of measurement was the determining factor, not the previous growth regime. The evidence for diurnal variation in C in the three treatments other than flc (control) is equivocal, as the higher leaf and lower E resulted in large variances in the calculation of C in the early morning and late evening. Normalizing C for root size assumes that the major resistance to water flow is in the roots, which may not be the case (eg. 1, 2). In RR, much of the root dry weight is in the older parts of the root, which may be relatively inactive in water uptake. Expressing C on a total dry weight basis is therefore probably an underestimate of the actual C in the regions of the root where greatest water uptake occurs. If C is calculated on a per plant basis, or on a unit leaf area basis, the differences between the treatments are even greater than those shown in Figure 1 . However, the similarity of the present results to those derived from studies of exudation from excised roots (22, 24) indicates that ABA is probably affecting the effective root conductance. It is not possible in the present experiments to determine whether ABA is influencing ion transport or hydraulic conductivity in the roots. Apparent changes in C can result from either source (8, 11 (Fig. 1) , and the ion transport component of C should be minimal (9) .
When analyzed together, Xt at full turgor did not differ significantly among the varieties and ABA treatments (Table I) . Within fic, however, iv increased significantly with ABA application, even though water stress was alleviated ( Growth. Stem elongation rate was similar in RR andflc plants for most ofthe growth period (Fig. 2) . The somewhat larger values of stem height for flc compared to RR can be attributed to the difference in initial height on day 15. In bothflc and RR, stem growth was inhibited by 30 Mm ABA (10 !M ABA was without effect; data not shown). Reversing the ABA treatments of RR plants on days 30 and 31 had no significant effect on elongation (data not shown). In flc, on the other hand, reversing the ABA treatments led to rapid changes in growth rate (Fig. 2) . These results are consistent with the general inhibitory action of ABA on stem growth and the greater sensitivity offlc to applied ABA (4, 12, 15) .
Linear regressions of number of visible leaves versus days were highly significant for all treatments. The rates of leaf emergence were identical in RR andflc, in contrast to the more rapid rate for flc reported by Tal et al. (23) . In experiment 1, the rate was 0.57 leaves d-', and in experiment 2, 0.44 leaves d-1. The difference between experiments was likely due to the declining light intensity and day length during experiment 2. ABA application significantly decreased the rate of leaf emergence of RR to 0.49 leaves d-1 in experiment 1 and to 0.36 leaves d-l in experiment 2. Inflc, 10 ,gM ABA reduced the rate of leaf emergence to 0.47 leaves d-l, but 30 ,UM ABA had no effect. The reason for the contrasting responses of RR and flc to the higher ABA concentration is unknown. In both varieties, however, there was no consistent relationship between the effects of ABA on leaf emergence and on stem elongation.
Leaf length was taken as a measure of leaf expansion. The lengths of leaves 3, 5, 7, and 9 are plotted as a function of time in Figure 3 . The extent of leaf expansion is reduced by 20 to 25% in ftc relative to RR, very similar to the percent inhibition of leaf (21) . ABA treatment increased leaf area considerably in flc and also pre- vented leaf epinasty at the higher concentration. Leaf, shoot, and root dry weights varied in a manner similar to that for leaf area (Table III) . Interestingly, the shoot to root ratio was greatest in flc, indicating that root growth is even more severely restricted in flc than is shoot growth. ABA watered conditions and only moderate transpirational demand. Both E and C revert to normal under the influence of ABA applications. No osmotic adjustment occurred inflc leaves, and ir actually increased when the leaves were sprayed with ABA and water stress was alleviated. In keeping with the lower P in flc plants, leaf growth rates and maximum leaf expansion were also reduced. Leaf growth could be restored to normal in flc, and increased in RR, by ABA applications, apparently by improving leaf water balance, although other effects of ABA cannot be ruled out. While ABA inhibited stem elongation, leaf expansion was promoted, in contrast to results with wheat (18) and maize (28) . Although ABA does not induce characteristics in well-watered tomato plants indicative of adaptations to drought, as occurred in wheat (18) , ABA may be involved in the expression of certain adaptive responses to water stress, such as changes in hydraulic conductance.
